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Introduction
N -Chloro com pounds are interesting and inten sively used chemicals in oxidation reactions. Recently we have reported on 3 5 C1 nuclear quadrupole res onance (NQR) and IR spectroscopy of a series of such com pounds of the general configuration C6 H 5 _zX2N Y C O (C H 2 C1), where X = C1 or N 0 2, Y = C 1 or H [1] . In N-chloro compounds the 3 5 C1 NQ R frequencies, covering the range 4 4 < v /M H z < 58, depend strongly on R,R' of RR'NCl. Particu larly the bond lengths N -C l and C = O are of interest. Fo r com pound (1) , for which we report and discuss the crystal structures here, the 3 5 C1 N Q R is already re ported in [1] , and the title com pounds are in close connection with the 3 5 C1 NQR and diffraction work (X, N) on 2,6-dichloro-2 chloroacetamides [2, 3] , Some crystals structure studies on N -C l compounds are reported in [4] , [5] and [6 ] ,
In the following we report on the crystal structure of C 6 H 5 N C lC O C H 2Cl (1), C6 H 5 N C lC O C H C l2 (2), C6 H 5 N C lC O C C l3 (3), and C6 H 5 N H C O C C l3 (4). The 3 5 C1 N Q R spectra are given for (2 )-(4 ) and for C6 H 5 N H C O C H C l2 (5). For (4) the 3 5 C1 NQR spec trum at 77 K is reported in [7] . We discuss the results of the crystal structure determ inations and 3 5 C1 NQR.
Experimental
N-phenyl chloroacetamides were prepared from aniline and chloroacetylchlorides by the methods given in [8 ] . The com pounds were recrystallized from ethanol. The purity of the reported acetanilides was checked by measuring the melting points (Tm) and the 3 5 C1 N Q R frequencies known from [1, 7] . The new acetanilide (5) was analyzed by C, H, N elemental analysis, and its 35Cl N QR frequencies were mea sured. The N-phenyl chloroacetamides were N-chlorinated by the method reported in [1] . But the proce dure had to be continued for a longer period with diand trichloroacetamide, complete chlorination need ing 6 -8 h, depending on the concentration of the N aO C l solution. N-chlorocom pounds were recrystal lized from cyclohexane, toluene or mixtures of the two solvents. The purity of the com pounds was checked by estimating the active chlorine content by the iodometric method. The analysis gave the following:
0932-0784 / 94 / 1200-1136 S 06.00 © -Verlag der Zeitschrift für Naturforschung, D-72027 Tübingen Table 1 . Experimental conditions for the crystal structure determination and crystallographic data of (C6H 5)N C lC O C H 2Cl (1) , C6H 5N C lC O C H C l2 (2) , C 6H 5N C lC O C C l3 (3) , and (C6H 5)N H C O C C l3 (4 Index ranges -8 < /j < 8,
-9 < h < 3 , -9 < h < 9 , -7 < /i < 7, -7 < fc < 0, 0 < k < 17, 0 < k <22, Small crystals of (1), (2), (3), (4) were selected for X-ray diffraction and studied at room tem perature with a 4-circle goniometer. The collected intensity data were corrected for Lorentz-polarisation factor and absorption. By direct methods and least squares refinement [9] the point positions were found, includ ing the positions of the hydrogen atoms. F o r the de termination of the hydrogen positions the distances C -H were fixed to 93 pm for the ring hydrogen atoms, to 97 pm for the C H 2 C1 group and to 98 pm for the CHC12 group. The hydrogen bond to the n itro gen atom in (4) was found from Fourier synthesis, d (N -C l) = 80 (2 pm). In Table 1 the experimental conditions for the structure determ inations and some crystallographic data are given for (1), (2), (3), (4) .
About the measurements of the 3 5 C1 N Q R spectra, see [1] . The line widths of the 3 5 C1 NQR were 10-15 kHz.
Results

X-ray Diffraction ( C rystal Structures)
In Table 1 the crystallographic data of the title com pounds (lattice constants, space group etc.) are listed. The atom ic coordinates and mean thermal param e ters are given for (l)-(4) in Tables 2 -5 , respectively. For the full matrix of the mean squares displacement of the atoms, see [10] . Table 6 lists the intram olecular distances and angles of the title compounds, and in Table 7 we have collected some intermolecular dis tances which are within the sum of the concerned van der Waals radii. Table 8 reports the plane equations for the C6 rings of the compounds considered and the equations for the planes N C (7)C<8)0 . In Fig. 1 we show 
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6822 (1) 1120 (1) 4800 (1) 830 (4) Jj(C, 8) 4670 (4) 2149 (2) 3341 (3) 636 the molecules of the title compounds as they appear in suitable projection with their thermal ellipsoids and with the numbering of the atoms used throughout the paper. F or com parison of the molecular structure of the title com pounds we list in Table 6 the intram olec ular distances and angles of (1-4). In Fig. 2 the unit cell of (1) is projected along the short axis b (645 pm) onto the a c plane. Projections of the unit cell of (2), (3), and (4) are shown in Figs. 3, 4 , and 5, respectively.
Nuclear Quadrupole Resonance, 35Cl
The 3 5 C1 N Q R spectrum of (1) is reported in [1] . For (2), (3), and (4) the spectra have been measured 1 -x , 1 -y , -z ) ; 10 Table 2 is marked by (*). Table 3 is marked by (*).
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from 77 K on up to 300 K or up to the tem perature T{ at which the N Q R signals fade out. The tem perature dependence of 3 5 C1 N Q R is rationalized by a power series development
In Table 9 one finds the coefficients at and the fre quency values at two temperatures (77 K and 273 K) and in case there was no fade out, also at 300 K. Individual frequencies including the signal to noise ratio can be found in [10] . v = f(T) is shown in Figs. 6 and 7.
Discussion
First we shall discuss the intramolecular geometry of the four title compounds in comparison. The in dividual data are given in Table 6 . Com paring the Table 4 is marked by (*).
C (i)-C ü) bond distances within the C6-rings of the four title com pounds we find a mean distance (C -C )> of 137.8 pm, the minimum at 135.3 pm, the maximum at 138.9 pm. This spread shows no significant change of the ring distances by the m onosubstitution; the intra ring distances are hard bond parameters. Also the bond angles are soft bond parameters we find a mean angle for the four title compounds between 118.9° and 121.1°, again no significant deviation from 120° by the m onosubstitution of the ring. = 120.4 pm in the expected range, little shortened by the presence of the Cl atom at the nitrogen of (4). All angles C -C -C l and C l -C -C l are found in the range grouped around the tetrahedral angle with deviations up to 116° and down to 107°, the angles C l -C -C l being 109.0° ±1°.
O ur main interest was in the determ ination of the distance N -C l, which is found to be 170.6 pm for (1), 170.7 pm for (2), and 172.0 pm for (3) .
The C6 ring in the four title compounds is planar within the limits of error. Also the sp2 carbon C (7) keeps the plane N C (7)O C <8) planar. The maximum deviation of a carbon atom from the ring plane is 0.3 pm for (1), 1.5 pm for (2), 1.0 pm for (3), and 0.4 pm for (4). Planarity is also quite rigid for the plane N C <7)O C (8) with maximum deviation of the atom s of 0.5 pm, 0.2 pm, 1.2 pm, and 1.6 pm for (1), (2), (3), and (4), respectively. The angle £ between the ring plane and the plane N C (7 ,O C <8) is for (1)- (3) between 80°a nd 82°. For (4) we find e = 35° (Table 8 ) The tem perature dependence of the 3 5 C1 NQR spectra shows (see Figs. 6 and 7) that there is no phase transition within the range 77 < T/K < 300. The tem perature coefficient d v /d T is negative in (2), (3) and (4) , changing smoothly. This originates in the spectrum of the librational molecular motions in the lattice. The torsional motions of the CC13 groups are easely excitated, which results in the fade out of the 3 5 C1 signals at lower temperatures T{ than the C1(N) signal. It has been shown that the 3 5 C1 NQ R frequency of the Cl atom bonded to the nitrogen atom in the N -C l-N -phenyl-acetam ides is in the range from 52 to 53 M H z (T = 77 K), and the changes of the reso nance frequency of C1(N) are due to the group R' = C O C H 3 _jcC1x. We are interested in the relation between N Q R frequencies and bond distances [11, 12] . Theory shows that the main principal axis <PZZ of the electric field gradient tensor, EFGT, de pends on the distance d of a charge e from the nucleus in question by <Pz z = a d -3.
(2)
The axes < P XX and <P YY describe, together with < P ZZ, the symmetry (asymmetry parameter rj) of the EFG T through the relations
In the case of nuclear spin / = 3/2, which applies to (2) . The ex perimental data we have up to now are not sufficient to argue further. N Q R and structure work is necessary on compounds with a) "weak" bond and b) with "strong" bond N -C l.
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